Abstract: Product development organisations are facing an increasing amount of rapid, small-scale development projects to fulfil market and customer needs. Self-managing teams have been proposed as effective means in creating new radical innovation, but their use has not been widely studied in smaller and faster product development projects, which are increasing in numbers. A multiple-case study was conducted to analyse seven business-to-business companies' product development models and the use of self-management in their rapid product development teams. The findings indicate that the companies use very similar characteristics of self-management to support rapid product development projects, but all characteristics of self-management do not support rapid product development teams. Notable success factors for rapid product development were dedicating competent developers for rapid projects, co-locating the development team, effective face-to-face communication and implementing a defined, but flexible workflow for rapid product development.
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Introduction
Product development is a key component in the success of companies all over the world (Clark and Fujimoto, 1991; Wheelwright and Clark, 1992) . The speed at which new products are brought to the market has been reducing constantly, and delays in bringing new products to the market leads to reduced sales and profits (Hilletofth et al., 2010) . Companies are therefore looking at different methods with which to bring new products to market in an ever faster pace (Barczak et al., 2009; Langerak and Hultink, 2008; Millson et al., 1992; Zhou and Zhao, 2010) . Reductions of lead-time can be sought for example from processes (Cooper, 2014) , methods (Karlstrom and Runeson, 2005) , and tools (Smith and Reinertsen, 1997) .
One way to help organisations arrange their development resources more effectively is thinking of alternative ways of working for different types of development projects (Barczak et al., 2009; Cooper, 2014) . Although there have been considerable interests in the scientific community for finding improvements to the process of developing new products, less attention has been given to small, rapid product development projects, even though their share has been increasing and now account for over 60% of all development projects (Cooper et al., 2004) .
While the amount of incremental product development has been rising, there has been increasing interest in utilising agile development methods of the software community also in product development (Cooper, 2016; Rigby et al., 2016; Sommer et al., 2015) . The utilisation of self-management in development teams is centric to agile development (Hoda et al., 2010; Moe et al., 2008) , and is potentially beneficial also for product development. It is worthwhile to analyse how self-managing teams are utilised in smaller product development projects and if there are any obstacles in the utilisation of self-management in them. The use of self-managing teams is not always easy, and conflicts may cause the teams to become ineffective (Langfred, 2007) . It is of value to understand how the characteristics of self-management are utilised in product development to get all possible benefits out of self-managing teams and avoid the involved pitfalls.
This paper focuses on the use of self-management in product development teams in rapid product development projects. More specifically, the purpose of the paper is to analyse how the different characteristics of self-managing teams are utilised during smaller product development projects which require fast delivery. The study was conducted as an interview study in seven companies. The research questions of this study are defined as: RQ1 How do companies utilise the characteristics of self-managing teams in rapid product development projects?
RQ2 What are the perceived success factors for rapid product development by the analysed companies and how are they related to the characteristics of self-managing teams.
This paper begins with an outline of different product development models and a definition of rapid product development. Next, the characteristics of self-managing teams and literature on the use of self-managing teams in product development are presented shortly. The third section presents the research method and process which was used in this study, including basic information on the analysed companies. The fourth section describes the use of rapid product development in the companies, together with a combined analysis of the use of self-management in rapid product development. The results are further discussed in a separate discussion section detailing the implications of the findings.
Literature review

Classification of product development processes
Companies' product development processes can be organised in multiple ways. Perhaps the most well-known description of a product development process is the stage-gate development process by Cooper (1993) . However, a single product development process is not usually suitable for all types of projects, forcing companies to utilise several processes for different types of projects, or to modify their general process case-by-case (Cooper, 2014; Kaikkonen et al., 2016) . One common way to differentiate different types of development projects within an organisation is by their size and scope (Barczak et al., 2009; Cooper, 2014; Kaikkonen et al., 2016) . Cooper (2014) has stated that companies may approach different sized product development projects with three processes and has split the traditional stage-gate product development process into three versions based on the size and complexity of the development projects, including: Full, Lite and Xpress stage-gate processes (Cooper, 2014) . In innovation literature, differentiating product development projects between the size and nature of development changes have been referred as radical and incremental innovation, where radical innovation means fundamental changes that represent revolutionary changes in technology and incremental innovation refers to minor improvements or simple adjustments in current technology (Devar and Dutton, 1986) . However, there is a lot of ambiguity and overlap within the definitions in innovation literature which complicates the use of innovation terminology while discussing the separation of product development processes (Garcia and Calantone, 2002) .
The stage-gate product development process is meant to create new products into the marketplace. However, there are also other types of product development processes, which are not only intended for creating new sales items, but to improve or modify existing sales items in a company's product portfolio (Jarratt et al., 2011; Wright, 1997) . The product development process of improving existing products is often referred to as engineering change management (ECM). Jarratt et al. (2011) define engineering changes as "changes to parts, drawings or software that have already been released during the product design process, regardless of the scale of the change". ECM processes are widely used in companies to separate incremental product development projects from the development projects that create new sales items. The ECM process complements the separation of new product development processes of Cooper (2014) , by taking into account development projects that are not intended to result in new sales items.
With the inclusion of ECM as a product development process four different types of product development models were separated by modifying the processes by Cooper (2014) and Jarratt et al. (2011) (Figure 1 ). In order to clarify the nature of Cooper's three development processes, they have been renamed in this study as large and complex new product development, medium-sized product development and rapid product development (Figure 1 ). The term rapid product development is used here to describe the scope and nature of the development projects, and is not to be confused with rapid product development (RPD), a term sometimes utilised when discussing advances in rapid prototyping and computer-aided iterative development (e.g., Bernard and Fischer, 2002; Bullinger et al., 2000) .
This separation of product development models was used during the research process to help the interviewees consider their internal product development processes. Gautam and Singh (2008) have suggested that there are three reasons for incorporating incremental changes to a product's design; bringing innovation, continuous improvement and forced changes. Incremental changes make products more attractive to the customer and bring increased sales and revenue for business-to-business (B2B) companies (Gautam and Singh, 2008) . Although ECM can be used to create new sales items as well (Jarratt et al., 2011) , it is generally not used to create new sellable products to a company's product portfolio. ECM has been separated from the other three product development models as a process that does not result in new sales items. Instead, ECM projects are improvements to existing items in forms of cost reduction versions or quality improvements. This study focuses on rapid product development, the third category of product development in Figure 1 . Rapid product development projects are defined in this study as small scale product development activities which result in new sellable items in a company's product portfolio. Rapid product development projects are typically product development projects based on the company's existing product portfolio, but are still creating new products or services, and in that way do not fit the criteria of ECM projects. They are typically also smaller in scope than projects requiring heavy implementations of state-gate -type processes with multiple milestones.
Characteristics of self-managing teams in product development
In relation to the different processes of product development, there are several ways to organise product development activities. The cross-functional nature of product development makes it necessary for organisations to gather teams of experts to conduct development tasks to achieve speed and to have all required knowledge available for projects (Brettel et al., 2011) . Examples of different types of product development teams include functional teams, lightweight project teams, heavyweight project teams, and self-managing (autonomous) teams (Wheelwright and Clark, 1992) .
The benefits of self-managing teams come from productivity improvement, cost savings, performance effectiveness, and employee satisfaction (Cohen et al., 1996) . Self-managing teams, also known as autonomous teams and self-organising teams, have been proposed to be most effective in development projects that include higher uncertainty and high degrees of innovation (Patanakul et al., 2012; Takeuchi and Nonaka, 1986) . However, the rising interest of agile development methods in product development (e.g., Cooper, 2016; Karlstrom and Runeson, 2005; Rigby et al., 2016; Sommer et al., 2015) and the reliance on self-managing teams in agile methods (Chow and Cao, 2008; Highsmith, 2004 ) have increased the interest on self-management in all types of product development, as the focus of new product development (NPD) is going towards smaller projects (Cooper et al., 2004) .
According to Wheelwright and Clark (1992) , self-managing teams do not often follow existing organisational practices and procedures but create their own. This is also an integral view of many agile development methods where teams are able to influence their own best practices with retrospective thinking (Schwaber, 2004) . Also, the fundamental strength of self-managing teams is the focus to smaller amount of tasks at hand (Wheelwright and Clark, 1992) , which is also highlighted in agile methods through sprint thinking (Schwaber, 2004) . The similarities of traditional self-managing product development teams and agile development's interest in self-organisation (Hoda et al., 2010; Moe et al., 2008) make it interesting to analyse how self-management is currently utilised in product development projects. Takeuchi and Nonaka (1986) have described a 'self-organising project team' through the characteristics of autonomy, self-transcendence, and cross-functionality.
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In their description, autonomy means that management provides guidance, money and moral support for the team, but rarely intervenes in the teams' work on a day-to-day basis. Self-transcendence implies that the team tries to push themselves to 'the limit', starting with guidelines set by the management but elevating their goals along the development. Lastly, cross-functionality means that project team consists of members with varying functional specialities and characteristics. Co-location is also implied as one of the keys of the self-organising team by Takeuchi and Nonaka (1986) , but this is included within the description of cross-functionality; "When all the team members are located in one large room, someone's information becomes yours, without even trying. …You then start thinking in terms of what's best or second best for the group at large and not only about where you stand" . Cohen et al. (1996) described self-managing teams as a group of interdependent individuals with the following characteristics: employees with interdependent tasks who are responsible for making a product, or providing a service; employee discretion over decisions such as work assignments, work methods, and scheduling of activities; teams have a variety of skills needed to perform the task (cross-functionality); team receives performance feedback.
Perhaps the most prominent description of a self-managing team comes from Wheelwright and Clark (1992) . According to their description, the following characteristics define a self-managing team: team members are formally assigned; team members are dedicated to a single project; team members are co-located; project leader is given full control over the resources contributed by the different functional groups; project leader is the sole evaluator of the contribution made by individual team members; team is not required to follow organisational practices and procedures; team can establish own rewards and incentives; team is held accountable for project success. Naturally, the descriptions of self-managing teams by Wheelwright and Clark (1992), Takeuchi and Nonaka (1986) and Cohen et al. (1996) overlap, but they are not exactly the same. When looking at self-management in the context of rapid product development, some of the characteristics presented above may not be valid, or applicable. In the case of incremental rapid product development projects, self-transcendence of a team is not as relevant as individual projects are not intended to be pushed further 'beyond limits' as Takeuchi and Nonaka described, but to create incremental improvements of existing products. Wheelwright and Clark (1992) have stated that the self-managing team can "excel at rapid, efficient new product and process development", partly in contrast to the view of Takeuchi and Nonaka (1986) about the self-managing team being most effective in larger projects where 'prior knowledge does not apply'. However, Wheelwright and Clark (1992) also acknowledge that 'autonomous' teams are often the birthplace for entirely new business because of their ability to think outside the scope of a single project. Taking the description of Wheelwright and Clark (1992) as a starting point and by including the characteristic of cross-functionality as proposed by Takeuchi and Nonaka (1986) and Cohen et al. (1996) , the following characteristics of a self-managing team were selected to be analysed in the case companies rapid product development models (Table 1) .
Research method
To analyse how product development organisations currently utilise the characteristics of self-managing teams in rapid product development projects, a case study (Yin, 2009 ) was conducted with seven case companies. All case companies were interviewed and analysed regarding the different product development models they utilise and on their use of self-management in rapid product development. The data was collected through semi-structured interviews (Wengraf, 2001 ) with one or several respondents from each case company simultaneously present. A description of the case study protocol is presented in Figure 2 . The analysed interview data was collected in two separate interview rounds. Both interview rounds were conducted during a research project in rapid product development and its application. The first interview round, conducted at companies A, B, C and F, was focused mainly on the use of self-managing teams in NPD and rapid product development. The second interview round, conducted at companies A, D, E and G, was a more comprehensive study of rapid product development, and in addition to self-management included other topics such as portfolio management, project management and process development. Company A took part in both rounds, while the other companies took part in one of the interview rounds. The case companies were approached to involve as many interviewees as necessary to obtain all relevant information. The interviewees represented managerial roles, such as product managers, program managers and R&D managers, and were selected based on their involvement in the organisations' rapid product development activities. The interviews were conducted either face-to-face or by phone, and were recorded and transcribed for later analysis. In some companies the interviews were conducted in several occasions due to the extent of the interview structure and time constraints. All questions in both interviews were open-ended to allow the respondents to discuss the issues that were most important to them openly.
The case organisations share a business-to-business sales model and come from varying fields of business to provide for a comprehensive sample of rapid product development. Five of the companies were large with only company F being mediumsized, and company G categorised as small. Company sizes, shown in Table 2 , are based on the amount of persons employed by the company in accordance with EU's Eurostat classification (small 10-49, medium 50-249, large more than 250 persons employed). In all case companies, the length of large scale new product development activities was measured in years, but the length of rapid product development varied greatly, from a few days to nine months. The interview transcripts of the case companies were analysed considering their rapid product development projects. Some of the case companies had an existing internal classification between different projects (similar to Figure 1) , and those companies which did not have the processes differentiated, were asked to consider rapid product development cases through examples.
Case descriptions
This section presents the results on the interviews in each case company. After the case descriptions, the results are combined and summarised in Table 3 . The results are analysed further in the following section.
Company A
Company A is a worldwide telecommunication networks equipment provider. They have a wide range of product offerings varying from individual component and care services to large infrastructure networks with consulting and installation services. Company A had the highest amount of product development models in use among the case companies. The longest technology development projects at company A took up to five years and the shortest ECM tasks could be conducted in a month, so similar processes could not be utilised in all projects. In total, company A had described five different product development processes. Company A did not have a development process that exactly fit the description for rapid product development. The difficulty at company A was that their 'fastest' product development model to create new sales items was too heavy and slow for small scale activities. The development lead-time for this 'product variant process' was estimated by the interviewees to be nine months, excluding the time required for business case analysis and decision-making.
Of the current product development models in company A, the ECM model that they utilise was the closest to rapid product development. The amount of ECM projects allowed for a dedicated line organisation for rapid product development. There were limits to the size of the project in terms of man months and cost, which cannot be exceeded for rapid product development. If those limits are exceeded, a more formal process in utilised. There was a lot of variation in the timeframe of rapid product development projects in company A, but a typical project lasted about two months.
From the viewpoint of company A, the success factors for rapid development involved having dedicated, co-located people working in the projects. In addition, the key to rapid development was face-to-face communication and a small team of key people. In relation to the small team, one of the difficulties related to rapid product development was finding competent resources for the projects. In addition to finding competent individuals, vague descriptions and requirements were also identified as an issue.
The nature of rapid development projects in company A did not require team members to be dedicated for single projects. The team members had significant influence on their own working practices and on the technical decisions during development, although goals were typically set at the beginning of the projects. During the engineering phase, there are no gates to disrupt the workflow of the engineers.
Company B
Company B produces specialised electronical equipment used in electric motors and energy production. They had defined their rapid product development model directly based on their product structure and utilised the same stage-gate model for all projects from longer new platform projects to rapid product development. A typical NPD project at company B would last two years, but rapid product development projects could be finished in six months.
All product development projects had to pass similar milestone and gate criteria, but there were changes in the level of verification during these gates for rapid product development. For longer NPD projects, such as new product platforms, development gates required a steering team approval with multiple stakeholders. Rapid product development project gates could be approved by the product manager in charge. Still, all projects were checked with similar criteria because company B felt this ensured quality throughout their product portfolio.
Rapid product development was used in certain pre-defined parts of the product structure which were available for customisation changes that could be done based on customer needs. The amount of rapid product development projects was significant in the company, with between 50 to a 100 projects conducted annually. Interestingly, company B differed from other analysed companies in allowing software changes to be done in rapid product development. Instead, they did not allow major hardware changes to be done to their product, as that would follow a heavy certification process.
In addition to following the same process description for rapid projects, all projects were conducted by the same product development organisation. The difference was that all rapid product development projects had one dedicated product and project manager to ensure project progress, and the inclusion of key account managers as the link to the customer. Engineers were nominated for the projects, but were not dedicated to individual projects. The engineers could also be located in different geographical sites around the world, so co-location of the team was not required in company B, also differing from other companies.
One difficulty identified was the availability of key competences. Company B stressed that prior knowledge of the product was key in the success of rapid product development projects. All teams were built as cross-functional teams, ensuring that the teams had always all resources needed to finish the project, but sometimes there were only certain individuals that could be selected for a certain modification.
Company B felt that rapid product development was a competitive advantage in their business area, and felt that its use was well understood in the company. Pre-defining what modifications can be done to the product in rapid product development was seen as the main strength and key to their scalable development process.
Company C
Company C manufactures heavy mining machinery which are sold worldwide. The company also provides service and care for the equipment they sell. Two distinct product development models could be identified in company C. A full-scale NPD process, which was utilised for regular, large sized product development projects, and an 'ad-hoc' rapid development process which was used for sales initiated product development projects. The rapid product development projects were typically modifications to existing products, which were required by a customer to finalise a sale. Rapid projects typically had only one gate to launch the project, and the engineering phase is done without gates to reduce lead-times. Rapid product development projects lasted for about 6 months in comparison to between one to three years for NPD projects.
In some cases, product management was involved in the decision-making to initiate the projects, but in worst cases the product development organisation heard about the projects once sales had already agreed with the customer to deliver the products. In terms of volume of product development, only about 10% of company C's projects were related to entirely new products, and the rest are some types of variations, or modifications of existing products. The ability to deliver rapid product development projects costeffectively was seen as a competitive advantage in company C.
Company C tried to nominate the most senior engineers to rapid product development projects to enable self-organisation of work. Similar to other case companies, engineers' previous knowledge of the product was also seen as a key to deliver rapid product development projects. Face-to-face communication was preferred in all projects and this was no different in rapid product development. However, communication between sales and engineering was seen as an issue regarding the launch of rapid product development projects. After rapid product development projects had been approved, time was seen as a key indicator of project success.
Company C had a functional structure in their product development organisation, which they also utilised for rapid product development projects. Design and engineering were done 'ad-hoc' once the project was launched, meaning that the design teams were able to make technical decisions by themselves. The engineers were nominated to the rapid projects, but had other projects on-going at the same time. Their main responsibility was also to the functional head, not the project or product manager of the rapid product development project.
Company C utilised the same resources to conduct all of their product development projects. That meant that larger NPD projects were pushed back because the people working in them are forced to prioritise rapid product development tasks ahead of other projects. All of the product development staff of the company were collocated so there was no a need to collocate people specifically for rapid product development projects.
Company D
Company D manufactures electronic components and imaging equipment for specialised market segments. Three types of product development models could be identified to be in use by company D. A longer stage-gate development model was used for technology development and the creation of all new sales items that required changes in the delivery processes such as manufacturing or logistics. The second stage-gate model, which can be characterised as rapid product development, was used for creating new sales items modified from existing products. Third, the company used a separate ECM process to create new versions of existing products in production, which did not result in new sales items but improved versions of existing products.
The rapid product development model only utilised milestones in the beginning and ending of the development phase. During development, there were no milestones for the development team, and the projects' progress was followed in bi-weekly management meetings. Around 10 people of the 80 person development organisation were dedicated for the rapid product development projects. The rapid product development projects typically consisted of five to six people, whereas larger projects could use up to tens of people.
The selection criteria for rapid product development model in company D restricted the selection of any projects which modified certain product functions to omit longer verification phases. Similarly, if there was a need for new components or suppliers, the longer stage-gate model would be used because of the included supplier validation phase.
Annually, company D conducted around 20 rapid product development projects, which resulted in approximately 150 new sales items for the company's product portfolio. Interestingly, the scope and timeframe of ECM-projects could sometimes be larger than the rapid product development projects.
For the success factors considering rapid product development, company D named a defined product platform, effective product data management, dedicated development resources, clear selection criteria for the different development models, and the co-location of the dedicated resources. Communication during development projects was also defined as one key to successful rapid product development projects. Company D had allocated all of their dedicated resources to one site to ensure effective face-to-face communication within the rapid product development projects.
Developers were nominated for all development projects using a resource allocation matrix, and similarly to other analysed companies, could work with multiple projects at the same time. The teams had the authority to define some of their working methods during rapid product development projects, but had to follow some guidelines defined by the organisation. These guidelines included, for example, the cost and timeframe of the project, what components could be modified, and the use of existing component suppliers.
Company E
Company E manufactures iron, steel and metal alloys. They offer both raw materials and processed steel products such as construction solutions. Two product development models were in use at company E. An NPD process for creating entirely new product lines lasting years, and a rapid development workflow for creating minor modifications to existing products. The average time to create a new product variant with rapid product development was estimated to only be around two days. As the production lead-times of company E were measured in weeks, the delay of creating a rapid product variant was not seen to cause noticeable delays to product delivery. The rapid product development organisation used a workflow to ensure that all necessary steps were done during the rapid product development tasks.
Rapid product development had its own line organisation, and the organisation was utilised to create, or answer all sales related product requests. The organisation relied on the technical competence of the engineers for all the steps to be completed during the tasks. The line organisation was very self-organised and adaptive to modify its routines. In addition to sales requests, the same line organisation was also utilised for ECM. Even though the line organisation consisted of around 20 people, they handled over 5,000 development requests annually. Over half of the requests were fulfilled with the company's existing product portfolio without any development effort, but sales or other sources of the requests lacked knowledge or visibility to know about this beforehand. By limiting the possibility of changes to the product in rapid product development, company E had been able to create a very customer-focused approach in their sales. The sales-induced rapid product development capabilities were seen to support the company strategy.
Issues with rapid product development were very similar to the other analysed companies. Unclear requirements from sales caused big issues, especially with the large amount of arriving requests. The interviewees also stated that knowledge transfer was one issue within the organisation, and that many requests could have been solved by sales themselves if they had all the knowledge of the products better available to them.
The entire line organisation was co-located, and the engineers worked full-time with rapid product development tasks. All engineers had cross-functional knowledge of the product portfolio, material science, production, IT systems, and sales. Although the tasks were given to individual engineers, they worked as a co-located team which was able to consult each other if necessary. Face-to-face discussions were preferred, although the interviewees stated that emails were also used as one form of communication.
Company F
Company F is a development consultancy organisation that specialises in product design, production design and product concepting. Company F had only identified one development process to be used in their projects, but it was used more as a guideline instead of a strict process that needed to be followed. Company F was different from the other analysed companies in that its core business was project-based. The company was only a few years old, and the interviewees acknowledged that their product development processes were yet to be fully described.
Rapid product development projects at company F were identified to be small-scale conceptualisation projects, which were limited in the scope of design work. These rapid projects would usually be conducted with a team of around five people, whereas the larger design projects could include up to 30 people. The process of rapid product development projects was described by the interviewees as ad-hoc, and the organisations relied on the teams' competence to successfully finish projects.
All project teams were self-organising their daily tasks. The progress of projects was followed in weekly meetings, but the progress was ensured by constant face-to-face communication. Projects had a nominated project manager, but the technical design decisions could be done by the team members.
The entire organisation worked from a single site, which was seen by the company as a huge competitive advantage, and one key to their efficiency. In addition to the colocation of the entire development organisation, the collective knowledge and expertise of the development personnel was seen as a big factor in the company's ability to make successful projects.
Although the team members would not sit directly next to each other, they were still in the same space which was seen in company F to be adequate to support effortless communication between team members. Actually, as all designers were communicating face-to-face, one interviewee noted that they sometimes have issues with documentation of the projects as the decisions are made on the fly by the team. The teams were also highly cross-functional, and there were mainly cross-functional designers in the company to support the nature of their design work.
Similarly to other companies, the designers in rapid projects were not dedicated to single projects. A difference between company F and other analysed companies was that they limited the amount of projects for single designers to three, so that there would not be too much task switching interrupting the designers work.
Company G
Company G manufactures electronic locking mechanisms and offers both physical products and related care and support services. Three product development models could be identified at company G. A typical NPD project lasted from one to one and a half year, and a typical rapid development projects were finished between one to six months. Much of the lead-time during rapid product development was caused by ordering prototypes or parts from suppliers. The actual development effort in rapid projects was evaluated by the interviewees to be 'in weeks, not months' and even days in the fastest tasks.
In company G, rapid product development was used to create customer -or location specific variations to their product to increase sales revenue. The rapid product development process at company G was a modified version of their full-scale NPD process. Rapid product development projects had to fulfil certain gate-criteria during the process, but the gate approvals could be done by a product manager or the designers themselves. Technical decisions could also be done by the development team or individuals and the company relied on their developers' competence to conduct the technical decisions.
The company limited the use of rapid product development model to low-risk and low investment projects, which led to reduced requirements for project planning and feasibility studies to allow for more flexibility. In addition to limiting changes to product functionality, all projects that required new suppliers utilised a full-scale NPD process. Rapid product development cases were typically handled by two two-person teams, who were competent enough to design the changes to the product by themselves.
The success criteria for effective rapid product development was to have clear requirements for the designers, so that they could do the project directly without getting any more information from other functions or the customer. In addition to clear requirements, having an informal process with light bureaucracy was also integral to achieving fast deliveries. All development staff of the company was seated in one location, which helped communication of issues in case any were noticed. In contrast to other analysed companies, company G did not see cross-functionality as relevant for their rapid product development. As they had limited their rapid projects to include only certain machinable parts, the designers only needed specific expertise to finish the projects.
The company also did not track the duration of the projects, and identified that as an issue with rapid product development. The projects were often taken in by large numbers because they were considered small and low-risk, but had constrained the limited resources who were responsible for these projects as management did not have knowledge of all on-going activities. Large numbers of on-going projects with only a few designers meant that dedicating the designers for individual projects was not possible. Table 3 presents the information of the analysed companies to summarise and clarify the provided information. The table presents the typical length of NPD and rapid product development projects, the amount and types of product development models in use, criteria for when rapid product development model is used and nominated success factors for rapid product development. 
Summary
ECM workflow
No new sales item creation.
Co-location.
One model:
Pre-defined variation and customisation options in product structure.
Predefined variation options. Flexible production to allow for rapid delivery. High-priority customer-specific projects selected.
Good communication between sales and development.
Three models:
New sales item created.
Modular product platform.
1 Stage-gate NPD-process Estimated project duration < 4 months. Product data management.
2
Rapid product development (no milestones during development)
No new delivery capability creation.
Co-location of team.
No new suppliers needed. Clear guidelines for selecting between different development models.
Table 3
Characteristics of rapid product development and product development models in the analysed companies (continued) 
Rapid product development/ECM workflow (Line organisation)
Product changes stay within pre-defined production criteria.
Competent individuals.
Two models: 1 Guiding NPD-process Small-scale conceptualisation projects.
Co-location of resources.
Highly competent engineers. Previous knowledge on project at hand.
1 Stage-gate NPD process
No functional changes to product mechanics.
Informal workflow to reduce delays caused by decisionmaking.
Rapid product development
Only simple product accessories. Only small investment projects to reduce financial risks.
Results analysis
The following section analyses the results of the interviews in the case companies presented in the previous section. The first subsection will present the results in relation to RQ1, and the second subsection will discuss the findings for RQ2.
Characteristics of self-managing teams in rapid product development projects
The usage of the characteristics of self-managing teams varied in the case companies. The usage of the individual characteristics are presented in Table 4 . Table 4 Characteristics of self-managing teams identified in the case companies' rapid product development models Based on the results it appears that the analysed companies utilise similar characteristics of self-managing teams in rapid product development projects. Nevertheless, the only characteristic utilised in all the companies was the formal nomination of team members to rapid product development projects. A key to the success of rapid product development projects was found to be having highly competent people as part of the rapid product development projects. As the nature of rapid product development projects is often incremental, having knowledge on the product being modified is a key to fast and successful rapid product development projects. There is no time to study the product or technology in use when the delivery needs to be fast. The nature of work is demonstrated by a comment by a product line manager of company C who stated: "If it is a new guy who does not know anything what has been done earlier, he is not a rapid project person". Excluding company B, all the companies also identified co-location of the team to be highly important in rapid product development and regard co-location as a key to effective communication. Co-locating the team members also reduced the need of formal documentation and communication such as e-mails when the entire team is on the same page during the development. In relation to previous characterisations of self-managing teams, co-location seems to be of high relevance in rapid product development, although e.g., Cohen et al. (1996) and Takeuchi and Nonaka (1986) do not explicitly mention it as being necessary.
With the exception of company G, all companies also felt that cross-functionality of the development team is a key aspect in rapid product development. As the nature of the projects necessitates effective decision-making, it is rarely possible for the development team to look for help or answers outside of the team. Even company G mentioned the importance of having knowledgeable engineers in rapid product development tasks, but the nature of their rapid tasks did not require cross-functionality from the engineers working on the tasks.
One of the most interesting results was in the requirements to follow organisational procedures. A commonality in all analysed companies was the ability of the rapid product development teams to influence and decide on their daily working practices, and that apart from company B, the teams were able to deviate from the typical development processes that the companies employed. This was illustrated by the comment of company A's program manager: "For me, rapid development and process, they are not in the same sentence".
However, being able to deviate from the process did not give the team's full authority to disregard all process descriptions. In five of the seven companies, formal kick-off and project approval meetings were held, and there was a definition for project completion, even though there may not have been a clear process description on what happens during the project. As the rapid product development projects have to fit within the companies' existing product portfolios, there were clear guidelines on what the teams have to complete in order for the project to be delivered. This is in contrast to Wheelwright's and Clark's (1992) description of self-management, where teams can dictate their own work processes entirely.
The characteristics that are in use in the analysed companies (formal assignment of team members, co-location, cross-functionality and self-organisation of work), show similarities with agile methods as proposed by Hoda et al. (2010) and Moe et al. (2008) . This finding supports the rise of agile methods in product development (Rigby et al., 2016; Sommer et al., 2015) . Some of the companies identified the impact of agile methods within their rapid product development projects, as they have had good feedback from these methods in their software development organisations.
Many of the analysed characteristics of self-managing teams were not utilised by the case companies in their rapid product development projects. Perhaps the most obvious difference to the characteristics of self-managing teams was that the companies did not dedicate people to single projects when it comes to rapid product development. This difference is perhaps easy to understand considering that these characteristics have been described for teams that work on larger projects. In smaller projects, it is not as useful to dedicate people to single projects. Cooper (2013) has shown that there is a correlation between product development performance and teams focusing on single projects, but the results of this study show that analysed companies prefer to allow people to work between multiple projects while working with rapid product development.
Similarly, there was a difference between the case companies' experiences and literature in the evaluation and rewarding of rapid product development teams. With incremental projects that are intended to complement the existing product portfolio of a company, there were typically clear goals for the project completion. Rapid product development projects were typically done to make a sale or fulfil a specific customer request. Therefore, the criteria of project success were generally defined already at the beginning of the project. As the team members were not dedicated to a single project, there was generally no need to evaluate their performance based on single projects. Rewarding of rapid product development team members was also typically non-existent in the smaller projects, although earlier research has showed that from an individual's perspective, rewarding may be a key issue in self-managing teams (Levi and Slem, 1995) .
All case companies considered that other organisational incentives and rewarding were adequate and that there was no need to incentivise team members based on smaller projects. While not giving the teams additional incentives, the team members were also not fully accountable for project successes either. Most companies saw rapid product development projects as tactical activities that supported sales. This meant that there was typically a direct request or a sale already made which started the rapid product development project. This reduced the financial risk of the project as the completion of the project would already materialise as a sale.
As the team members were not dedicated to single projects, most of the companies did not give their project leaders the full control of their resources either. However, in some organisations such as company E, the allocation of resources differed from the others in the sense that rapid product development projects has a dedicated organisation. As there were dedicated resources that only worked in rapid product development projects, it enabled the line manager to control the resources as he saw the best.
Based on the results, it appears that some of the characteristics of self-managing teams do not apply to rapid product development projects, but some apply very well and are utilised to a high extent. The smaller scope and incremental nature of rapid product development projects makes some of the characteristics irrelevant, but there are also clear benefits to some of the characteristics. The results show that companies utilise self-organisation of work in rapid product development projects, but do not delegate all levels of management to the team. Rewarding, evaluation, resource allocation and accountability are still left for other levels of management and not the team itself. With the inclusion of co-location, the characteristics of self-managing teams that were in use in the analysed companies' rapid product development are perhaps closest to the description by Cohen et al. (1996) .
Case companies' success factors for rapid development
The success factors for rapid product development perceived by the analysed companies can be seen in Table 3 . The success factors for rapid development varied in the case companies, but there were clear similarities between the companies and to the characteristics of self-managing teams. A permanent line organisation was utilised for rapid product development in three of the seven organisations (A, D and E) to ensure that the people working on rapid projects knew how to handle the specific nature of the projects. Additionally, two other organisations (B and F) recognised that it is vital to have previous knowledge on the product at hand to successfully deliver the rapid projects.
Co-location of the development resources and efficient communication was mentioned explicitly as a success factor by six of the companies, with only company B letting rapid product development projects to be done by a multisite setup. Co-location of team members and effective face-to-face communication was one of the most striking similarities between the success factors of rapid product development and the characteristics of self-managing teams.
One major commonality among the success factors was to have a clear, but flexible workflow to ensure that the rapid projects would be conducted in a repeatable fashion, but without excessive delays. With the exception of company F, the other six case companies utilised a stage-gate type NPD process in larger projects. Five of those six companies had a more relaxed approach to rapid projects in terms on decision-making to accommodate for a flexibility during development, and many described this flexibility as a success factor as well. However, flexibility did not mean allowing teams to conducted rapid product development projects as they pleased. A clear workflow for the projects makes sure that all necessary steps are done during development, although the steps may not require a definitive approval from somebody outside the team. The case companies relied on the engineers' competence during rapid product development to ensure quality is preserved and the project finished successfully. As mentioned earlier, this is contradictory to the characteristic of Wheelwright and Clark (1992) of allowing full authority to the teams to design their own practices. Instead, the case companies had set guidelines to be followed, but allowed the teams some flexibility to fulfil those guidelines, especially on the technical side of the projects.
Based on the results presented above, the best practices for using self-management in rapid development teams comes from assigning team members formally to specific projects, co-locating the team, making the team cross-functional and allowing the team some flexibility in decision-making during project delivery. The team must still not operate without any guidelines, and a rapid product development workflow guiding the work should be in place to ensure progress. The workflow can be based on an existing NPD process, but should have reduced managerial interruptions and allow self-management within a highly competent team especially in technical decisions. Co-locating the development team and supporting efficient, face-to-face communication is also a key contributing factor for rapid product development. It may be useful for development teams or team members to be dedicated for rapid product development, but they should not be dedicated to individual projects.
There may be some barriers for self-management in rapid product development as well. Having highly competent team members is seen as a key for rapid product development and if there are no available team members with previous knowledge of a product being developed, the use of a rapid product development model should be reconsidered at the start of the project.
An organisation should have a well-defined NPD process to be used as a basis for a rapid product development workflow. Without a clear workflow, the rapid projects will intuitively be prioritised ahead of the NPD projects, which can cause disruptions throughout the product development portfolio. There should also be a clearly defined rules in place as to what projects can be conducted with a rapid product development workflow. Without these rules in place, it is easy for rapid product development workflow to become 'the norm' for product development projects, as it may be seen as a faster way to conduct projects. However, rapid product development should not be seen as the main mode of product development, but as a complementary model to support the product development resources by taking smaller tasks out of the NPD project portfolio. The rules for selecting between product development models may include (but are not limited to) project scope, development lead time, product structure and project cost.
Conclusions
This study analysed the use of characteristics of self-management in rapid product development teams and the success factors of rapid product development as perceived by the case companies. Based on interviews conducted in seven companies, formal assignment of team members, co-location of the development teams, and crossfunctionality were found as the most utilised characteristics of self-managing teams at the companies' rapid product development models. Additionally, nearly all analysed organisations noted that they allow rapid product development teams to organise their own working practices and procedures, but also had guidelines on what is required for project delivery, controlled by meetings or practices and the beginning and end of the projects.
Many of the characteristics of self-managing teams were not utilised widely in rapid product development by the analysed companies. Team members were typically not dedicated to single projects, project leader did not have full control of the resources working within a project, project leader did not solely evaluate the success of individuals, the team was not able to set their own incentives or rewards, and the team members were not fully accountable for project success. The scope and nature of rapid product development projects, however, provide some explanation to why many of the characteristics were not identified to be in use.
Common perceived success factors for self-managing teams in rapid product development were dedicating competent developers for rapid projects, co-locating the development team, effective face-to-face communication and implementing a defined, but flexible workflow for rapid product development. Identified barriers for utilising self-managing teams in rapid product development were lack of highly competent developers with enough knowledge on the products, lack of a well-defined NPD process as a basis for rapid product development workflow and lack of rules for selecting between the product development models.
For industry managers, the results of this study imply that selected characteristics of self-managing teams can be utilised to achieve improvements in rapid, incremental development projects. The results also show that implementing several product development models in parallel can be beneficial for a product development organisation, as long as the models and the rules on how they are applied are made clear in advance. Rapid product development projects should not only be pushed through and prioritised over long-term product development projects, but they should be conducted with similar focus in terms of planning, resource utilisation and management. This way smaller tasks can be finished more effectively and longer projects are not put on hold while waiting for resources, which supports a company's profitability in both short and long term.
From a scientific viewpoint, this study adds to the existing scientific discussion by providing empirical data on rapid product development models, and smaller projects, when the focus of product development literature is often in larger NPD projects. The results of this study suggest many similarities between agile development methods and rapid product development, and these similarities could provide additional information on what characteristics of agile methods support smaller product development projects. In addition to the self-managing team, many facets of agile development methods could be identified to be in use in rapid product development projects. Hence, further research could be conducted by focusing on the use of agile methods in rapid product development projects. Further research could also be conducted to validate the results of this paper in larger sample sizes. Research could be done with a more comprehensive and specified interview study, or a comprehensive survey study which would allow for quantitative analysis between different sized companies and business areas, for example.
Generalisation of the results of this paper should be done while noting the diversity of the case companies. The various business areas and sizes of the case companies provide for a comprehensive look into the phenomena of rapid product development, but the diverse environments may affect the comparability of the findings. The separation of product development models used in this study is subject to discussion. In smaller organisations, all four development models may not be applicable. However, based on previous analysis with the companies, it has been found that typically there are several models for product development, even though they may not always be described with official documentation.
Although self-managing teams have previously described as being useful in larger, innovative product development projects, it is clear that there is interest and use for many of its characteristics in smaller projects as well. The rising interest in agile methods also shows that there is still a lot of interest to find more effective ways to organise product development.
